ABSTRACT. The nucleotide sequences of the DNA gyrase B subunit gene (gyrB) of Fusobacterium necrophorum subsp. necrophorum, F. necrophorum subsp. funduliforme and F. varium were determined and analyzed together with those of F. nucleatum subsp. nucleatum and F. nucleatum subsp. vincentii. On the phylogenetic tree constructed, the strains of each fusobacterial species formed distinct clusters with deep sublines. The degree of sequence similarity within each cluster was 93.2% or more, whereas similarities between clusters ranged from 70.1 to 72.7%. These clusters were recovered with 100% bootstrap probabilities and are in very good agreement with the species of Fusobacterium. These data suggest that gyrB is an accurate genealogical marker for the classification of the fusobacterial taxa considered in this study.
16S ribosomal RNA (rRNA) sequences can be used to compare taxa from species level to kingdom level, but cannot differentiate closely related species [2, 14] . Recently, certain protein-coding genes, which evolve much faster than rRNAs, have proved to be more appropriate than rRNA for the phylogenetic analysis of closely related bacteria [9] . As an alternative to 16S rRNA, the gene encoding DNA gyrase B subunit protein (gyrB) has been reported to be more useful for classifying or detecting closely related organisms, including members of the genera Pseudomonas [19, 21, 22] , Acinetobacter [20] , Vibrio [18] and Mycobacterium [4] . The gyrB genes may therefore be useful in distinguishing bacterial taxa, even those bacteria which 16S rRNA are nearly identical.
Fusobacterium necrophorum is a species of Gram-negative, rod-shaped, non-spore-forming obligate anaerobe. The organism has been classified into two subspecies, F. necrophorum subsp. necrophorum (Fnn) and F. necrophorum subsp. funduliforme (Fnf) on the basis of morphology, biochemistry and DNA-DNA homology [1, 12, 13] . However, subspecific identification of F. necrophorum with conventional tests is sometimes misleading due to conflicting test results [11, 13] . With the increasing number of molecular genetic tools available for use in bacterial taxonomy, bacteriologists now accept that taxonomic relationships among closely related organisms should be defined by polyphasic taxonomy [16] . Other genealogical methods such as 16S rRNA sequences or 16S-23S rRNA intergenic spacer region sequences have been used by several groups for the differentiation of the subspecific taxa of F. necrophorum [3, [5] [6] [7] [8] . The results of these studies were inconsistent with the bacterial phenotypes of Fnn and Fnf.
In this study, we analyzed the gyrB to identify definitive sequences that distinguish the two subspecies of F. necrophorum, Fnn and Fnf. We compared the results with gyrB sequences of strains of F. varium and F. nucleatum to determine whether the gyrB sequence is appropriate for inferring phylogenetic relationships between distantly related organisms.
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( Table 1 ). The nucleotide sequences of the gyrB from 13 fusobacterial strains except F. nucleatum were determined in this study. The gyrB sequences of two F. nucleatum strains taken from GenBank were used in the comparisons. Each of the strains was inoculated onto a Gifu anaerobic medium (GAM) agar plate and incubated anaerobically for 72 hr using a steel wool method [1] . Bacterial genomic DNA was extracted using GenomicPrep Cells and Tissue DNA Isolation Kit (Amersham) according to the manufacturer's instructions. The gyrB gene was amplified from the extracted DNA by polymerase chain reaction (PCR).
The PCR primers for the gyrB have been described previously [19] . UP-1 (5'-GAAGTCATCATGACCGTTCTG-CAYGCNGGNGGNAARTTYGA-3') and UP-2r (5'-AGCAGGGTACGGATGTGCGAGCCRTCNACRTC-NGCRTCNGTCAT-3'). The PCR products were cloned into the pGEM-T Easy plasmid (Promega) and the inserted regions sequenced using the ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit on a PRISM 310 Genetic Analyzer (Applied Biosystems). Two specific primers, UP1S (5'-GAAGTCATCATGACCGTTCTGCA 3') and UP2Sr (5'-AGCAGGGTACGGATGTGCGAGCC-3') [19] , were used as internal primers for the sequencing reactions. Experiments were repeated at least twice from a single colony to confirm the results. Sequences were aligned using the Clustal X program (version 1.8) [15] . A phylogenetic tree was constructed using the TREECON software package (version 1.3b) [17] by the neighbor-joining method [10] . The nucleotide sequences determined in this study will appear in the Genome Sequence DataBase (GSDB), DNA Data Bank of Japan (DDBJ), European Molecular Biology Laboratory (EMBL) and National Center for Biotechnology Information (NCBI) nucleotide sequence data bases with the accession numbers listed in Table 1 .
Considerable variation was apparent in the sequences of these three fusobacteria ( Table 2 ). The degree of sequence similarity between the species ranged from 70.1 to 72.7%. Strains belonging to the same species of F. varium and F. nucleatum exhibited similarity of sequence similarity of 97.8% or more and 98.9%, respectively. Although the similarities between the strains of the two subspecies of F. necrophorum were quite low (93.2-95.6%), the sequence similarities for the strains of either taxon were 97.0% or more. The unrooted phylogenetic tree (Fig. 1) shows that the three fusobacterial species were recovered with bootstrap probabilities of 100% using gyrB sequences. These groups are in very good agreement with the species of Fusobacterium. The bootstrap probability for the branching of Fnn and Fnf (100%) also supports the reliability of the branching patterns. These results indicate that the gyrB sequences are useful in the differentiation of these organisms.
The gyrB nucleotide sequences were adjusted to 1,211 bases and the predicted start codon (ATG) was located five nucleotides upstream in Fnn. From the aligned sequences of the gyrB, several regions, which contain nucleotide stretches possibly specific for a certain species or subspecies, were identified. For example, the sequence of nucleotide residues 69 -78 of Fnn, Fnf, F. varium and F. nucleatum strains are AGAGTGGACT, AGAGTGGACC, ACTATGGACA and TGAATGGTTA, respectively. Comparison of these nucleotide stretches between Fnn and Fnf, detected nucleotide changes at 130 of 1,211 residues. Such genetic divergence is much greater than that detected in the 16S rRNA gene [7] .
In this study, the observed close genealogical affinity of the fusobacterial species and the higher levels of sequence divergence in the gyrB suggest strongly that analysis of this gene is useful for the specific identification of strains of F. necrophorum, F. varium and F. nucleatum and the subspecific identification of F. necrophorum. Further studies of the gyrB gene sequences for atypical strains of F. necrophorum and for other taxa of the genus Fusobacterium are necessary. Those studies should provide information for the precise identification of these bacteria. 
